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I INTRODUCTION 
Availability or soil phosphorus for plant growth is of major 
importance in Oklahoma. Harper (23)1 found that many soils in 
eastern. Oklahoma were deficient of available phosphorus to the extent 
that the use of phosphorus fertilizers was a profitable practice 
for many crops. Eek and Stewart (13) reported that wheat in several 
areas in western Oklahoma responded to phosphorus fertilization. 
Recent research (36j 38) has sho'WD. a need for both phosphorus 
and nitrogen fertilization in the western and central United Stateso 
The need for these two elements has brought about a greater interest 
in N=P fertilizer combinations. There are several products on the 
fertilizer market that contain both nitrogen and phosphorus as one 
material. These materials need to be studied as to their comparative 
efficiency as affected by soil characteristics 9 rate of application, 
.and soil moisttµ"e conditions. 
'l'he purpose of this study was to compare an .ammonium phosphate 
fertilizer (13-39=0) to superphosphate (20% P205) with and without 
urea (45% N) as to the relative effectiveness and phosphorus avail-
ability in the field and greenhouseo The treatments included potassium 
fertilization to etudy the need for nutrient element balance. 
1 Figures in parenthesis refer to literature citedo 
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II REVI~~ OF LITERATURE 
Comparative Efficiency of Phosphate Carriers 
Some of the factors influencing the comparative effectiveness of 
different phosphate carriers areg soil reaction, rate of application, 
method of application, particle size, and inherent properties of the 
carrier (46)0 
Peterson, et alo (42) reviewed and sununarized the fertilizer 
investigations conducted in 15 western states before 19500 Phosphate 
carriers listed in the order of apparent availability were: 1) ordi-
nary superphosphate, concentrated_superphosphate~ ammonium phosphates, 
and phosphoric acid; 2) calcium metaphosphate; 3) dicalcium phosphate; 
4) tricalcium phosphate; and 5) rock and colloidal phosphateso Fuller 
(19), Robertson, et alo (44), and Schmahl, et alo (49) reported rela-
tively the same order of effectivenesso 
There were exceptions to this order under specified soil and 
cropping systemso Dion, et alo (10) and Mitchell (32) reported that 
monoammonium phosphate was superior to superphosphate on the calcareous 
soils of western Canada. Olson, et al. (38) found that the value of 
monoammonium phosphate equalled and often exceeded the value of concen-
trated superphosphate, both of which were equivalent to or superior to 
all other sources in Nebraskao Hinkle (24) reported that ammonium 
phosphates produced the highest yields of hay (alfalfa and sweet clover) 
in New Mexicoo Bennett, et al. (3) reported that monoammonium phosphate 
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was superior to superphosphate (ordinary and concentrated) on the 
calcareous blackland soils of Texaso 
Macintire, et alo (30) used pot cultures to compare the ammonium 
phosphates (mono- and di-) to superphosphate plus ammonium nitrateo 
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They found that both monoammonium and diammonium phosphates were compar-
able to superphosphate on limed and unlimed cultureso 
The development in the last few years of tracer technique has 
furnished another means of eva:1u-ation, by -a:e-termining the relative 
phosphorus absorption~ using radioactive phosphoruso Absorption data 
obtained by tracer techniques have rated the phosphates. as follows; 
1) superphosphate and ammonium phosphates; 2) calcium metaphosphate; 
3) dicalcium phosphate; and 4) tricalcium phosphate (10, 40, 46, 54). 
This is essentially the same rating as that reported from crop yields. 
The final answer for the economic evaluation of phosphorus sources 
must be in terms of crop yields obtained on phosphorus deficient 
soils when used at practical rates of applicationo Any early indica-
tions of differences which are not evident at harvest are only inci-
dentaL 
Crop Usage and Water Solubility 
The ability of applied phosphates to supply adequate phosphorus 
tp a specific crop is determined by: 1) particle size or degree of 
granulation; 2) water soluble phosphorus content of the fertilizer; 
3) method of application; and 4) certain soil properties, including 
level of available soil phosphorus, soil texture, and soil reactiono 
Dion, et alo (10) found that monoamrnonium phosphate supplied 
significantly larger amounts of phosphorus to wheat than did 
monocalcium phosphate. In a summary of fertilization investigations 
in the north central Uni ted States , Fine (17) reported that the use 
of N-P fertilizers is important on crops such as small grains . 
Schmehl , et al . (49) found that monoammonium phosphate was equal 
or superior to superphosphate with sugar beets. 
Garey (20) reported that the water soluble phosphates showed some 
advantage on corn and oats but were less effective on cotton. He 
theorized that any form of phosphate incorporated into the soil will 
result in a reaction with the soil, establishing an equilibrium. 
Those plants , such as small grains and corn, that need their phospho-
rus early in development, would be expected to respond best to water 
soluble phosphates . Those plants, such as cotton, alfalfa, and 
bermuda grass , that require their phosphorus over a longer period of 
time, may not be as affected by the form of phosphate fertilizer 
applied. 
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Norland, et al. (33) believe that the superiority of monoammonium 
phosphate over superphosphate under some cultural practices is attrib-
utable, in part , to the higher solubility of ammonium phosphate in 
the soil water . They concluded that with higher rates of application 
of total phosphorus, water solubil ity assumes greater importance 
for increasing yields . 
Olsen (35) , Smith, et al . (52), and Lawton, et al . (27) have shown 
that on acid soils only 40-50 percent of the phosphorus must be water 
soluble. Fertilizers, containing a higher proportion of water soluble 
phosphorus stimulated earlier growth, but did not i ncrease yield . 
Di on, et al . (10, 11), Olson, et al . (38, 39), and other workers 
(3, 17, 24, 40 , 54) found that high water solubility approaching 100 
percent is indicated for most fertilized crops on calcareous soils. 
"The ideal water soluble phosphorus content should be just enough 
5 
for good growth and maximum yield without requiring a price premium." (1) 
Residual Acidity and Soil Reaction 
Ensminger and Pearson (16) found in Alabama that the use of mono-
ammonium phosphate without lime resulted in decreased yields due to 
increased soil acidity, Monoammonium phosphate produced less than 
the no-phosphate check plots when lime was omitted. Ensminger (14) 
and Ensminger and eope (15) reported that if dolomite was added to 
neutralize the acidity and if sulfur was supplied, both mono- and 
diammonium phosphates were about as effective for improving cotton 
yields as was superphosphate. Volk, et al. (56) also reported the 
necessity for liming and the possibility of a sulfur deficiency with 
the continued use of ammonium phosphates. 
Maclntire, et al. (JO) found the response to phosphorus from 
ammonium phosphates was greater on a neutral (limed) soil than on 
an acid (unlimed) soil. Salter and Barnes (47) reported the effect 
of pH on the value of ammonium phosphates as compared to superphosphate 
(100%) was; 
relative effectiveness 
69% 
73% 
112% 
These data indicate the need of liming if ammonium phosphates 
are used on acid soils. There is also an indication of more effi-
cient utilization on a neutral or alkaline soil. 
Nitrogen=Phosphorus Interaction 
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The application of nitrogen-phosphorus fertilizers usually in-
creases the efficiency of the phosphorus uptake by the plant. Robert-
son and Hutton (43) and Miller and Ohlrogge (31) found that nitrogen 
had a greater influence on phosphorus utilization when mixed with the 
phosphorus rather than being placed in a separate band. Olson and 
Dreier (37) found that the ammonium ion was better than the nitrate 
ion for phosphorus enhancement. 
Garey (20) stated that the early availability of phosphates aided 
in stand establishment and rooting. A good root system developed early 
should increase the drouth tolerance of the crop. 
Fin~< (17) and Robertson, et al. (44) reported that the effect 
of co-joined nitrogen and phosphorus was especially important for 
c.rops 9 such as small grains and corn, that absorb a large part of 
their phosphorus in the early stages of growth. Dion, et al. (10) 
reported that monoammonium phosphate was recommended for wheat in 
Saskatche~an, Canada, for increased phosphorus utilization, even 
though there seems to be no response to nitrogen fertilization • 
. , Smith, et al. ( 52) found that maximum yields of oats and crimson 
clover were not obtained until high rates of nitrogen and phosphorus 
were included in the fertility treatmentso Fine (17) reported that 
the effect of increasing the rate of nitroge~ was found to progress-
ively increase the utilization of fertilizer phosphorus. 
This nitrogen-phosphorus combination could be put to practical 
use in cases where stand establishment, rooting, or soil fixation is 
critic al. 
Residual Effects of Applied Phosphates 
Only a small part of the fertilizer phosphorus applied to soils 
is removed by the first cropo The portion not removed should have 
some residual or cumulative valueo The value of this residual effect 
can be evaluated by increased yields or increased phosphorus content 
of subsequent crops, soil tests for increased extractable (available) 
soil phosphorus, and radio-tracer technique (7 9 57)o The procedure 
of Fried and Dean (18).9 where differential 11 An values (available soil 
phosphorus) are computed, offers an excellent method of studying the 
magnitude and duration of the effects of residual phosphates in the 
soil. 
Factors affecting the magnitude and duration of this residual •.. 
effect of applied phosphates are~ 1) rate of application; 2) type of 
carrier; 3) soil reaction; 4) phosphorus fixation power of the soil; 
5) amount of erosion; and_6) crop grown (7, 26, 28, 55)o Ensminger 
and Pearson (16) found tha-t the residual effect of ammonium phosphate 
was equal or superior to that from superphosphateo 
7 
The residual effects of applied phosphates should be take~ into 
account when planning future fertilization, although annual applications 
of soluble phosphates may be necessary to obtain maximum yields from 
subsequent crops (29, 55). 
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III MATERIALS AND METHODS 
Field and greenhouse experiments were established to compare the 
relative value of ammonium phosphate (13-39-0) to ordinary superphos-
phate (0-20-0) with and without urea (45-0-0)o Urea was used with 
the superphosphate in order to give a nitrogen source comparable to 
the ammonium ion (NH4-f-) 9 such as supplied with ammonium phosphateo 
Description of Soil Used in the Field and Greenhouse Experiments 
A Port silt loam was selected as the soil to use for these 
experimentso It is representative of some bottomland soils exten-
sively used for cultivated crops in central Oklahomao The soil for 
the greenhouse came from the area of the field experiment, which was 
located on the Lake Carl Blackwell stationo The field experiment was 
12 miles west of Stillwater on Highway 51, 106 miles north on Hi~hway 
86, and approximately 100 feet ea'3t of the highway on the wt SW:f Nwt 
of section 11, T 19N, R lWo 
This Port silt loam is a brown to dark reddish-brown noncalcar-
eous soil occurring on alluvium on a rarely inundated flood plain of 
Stillwater Creeko The area is slightly convex with about one p~rcent 
slopeo A complete profile description of this soil is given in Table Xo 
Results of some physical and chemical analyses of this soil are 
listed in Table Io Mechanical analysis was determined by the met.hod 
TABLE I g SOME CHEMICAL AND PHYSICAL PROPERTIES OF PORT SILT LOAM 
USED IN FIELD AND GREENHOUSE EXPERIMENTS. 
Texture& 
Percent sand - - - - - - - - - - - - - - - 35 
Percent silt - - - - - - - - - - - - - - - 52 
Percent clay - - - - - - - - - - - - - - - 13 
Moisture equivalent - - - - - - - - - - - - - - 15029% 
Moisture tension datu 
Tension (atmospheres) 
OolO 
Oo3.3 
Oo50 
Oo75 
loOO 
JoOO 
5.00 
lOoOO 
15.00 
Percent moisture 
32030 
15093 
13.89 
llol.4 
10.59 
8020 
7ol5 
60.36 
5o7S 
pH - - - - - - = = - = - - - - = - - - - - - - 6.4 
Total nitrogen - - - - - - - - - - - - - - - - Oo064% 
Organic matter = - - - - - - - - - - - - - - - lo53% 
Total phosphorus - - - - - - - - - - - - - - - 0.022% 
Easily soluble phosphorus - - - - - - - - - - - 62 lbso/acre 
Exchangeable potassium - - - - - - - - - - - - 250 lbs./acre 
Cation exchange capacity - - - - - - - - = - - 9o51 meq./100 gram 
Percentage base saturation - - - - - - - - - - 78.71 
Cations 
Calcium 
Magnesium 
Potassium 
Sodium 
Hydrogen 
Meq./100 gram 
4o99 
lo97 
0 • .32 
0.11 
2.12 
Saturation (percent) 
52.47 
20.72 
3 • .36 
1.16 
22.29 
of Bouyoucos (4)o The moisture equivalent was measured by the pro-
cedure outlined by Briggs and McLane (5) and modified by Briggs and 
Shantz (6)0 Moisture tension data were determined by the methods of 
Richards (45), using pressure membraneso 
The glass-electrode method outlined by Peech and English (41) 
was used in determinipg soil pHo Total nitrogen was determined by 
a modif~cation of the Kjeldahl method described by Jackson (25) o 
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A procedure proposed by Schollenberger (50) was used for determining 
the percent organic matter. Total phosphorus was determined by the 
method outlined by Shelton and Harper (5l)o Easily soluble phosphorus 
was determined by leaching with Ool normal acetic acid as proposed by 
Harper (22). Exchange capacity was determined by the procedure out-
lined by A.O. A. C. (2). Exch,ngeable bases were determined with a 
Beckman flame spectrophotometer (21) with photomultiplier attachment, 
using an oxygen-hydrogen flame by the method outlined by Jackson (25). 
Field Experimental Procedure 
The statistical design used in the field experiment was a split-
plot design with three replications. The field plots were 10 feet 
wide and 25 feet long. Potassium levels were the main plot treatments, 
using two levels, 0 and 40 pounds of K20 per acre . There were seven 
basic treatments randomized within each main plot . These treatments 
are presented in Table II. 
The plots were fertilized and planted to Concho wheat (48) on 
October 15 , 1956. The fertilizer was applied i n bands two inches 
TABLE II: FERTILITY TREATMENTS, RATES, AND FERTILIZER MATERIALS 
USED IN THE FIELD EXPERIMENTS 1 LAKE CARL BLACKWELL 
Treatment 
Symbol 
Check 
p l 
P2 
N1P1 
N~2 
APl 
AP2 
Kl 
STATION~: 1957 o .. ~,~ - -- , 
Lbso per 
acre 11 
0...()...() 
0=40-0 
0-80c-O 
13oJ=40=0 
26o6=80-0 
13.3=40=0 
26o6=80=() 
0=0=40 
Fertilizer Material 
No fertilizer 
Superphosphate (20% P205) 
Superphosphate (20% P205) 
Urea (45% N)-+ Superphosphate (20% P205) 
Urea (45% N)-+ Superphosphate {20% P205) 
Ammonium phosphate (13-39-0) 
Ammonium phosphate (13=39-0) 
Muriate of potash (60% K20) 
l/ Rate figures represent pounds per acre of N, P205, and 
K2o respectively. 
11 
12 
below the surface with a belt type fertilizer applicator designed to 
apply small amounts of fertilizer accurately. Four rows one foot wide 
and 20 feet long were harvested on June 25, 1957. Individual samples 
were threshed and the grain yield determined. 
The plots were refertilized after a seedbed was prepared and 
Lahoma sweet sudan grass (9) was planted on July 191 1957. An irri-
gation of about one and one-half inches of water was applied after 
seeding to aid in obtaining a uniform stand, as the topsoil was dry, 
although subsoil moisture was present. A sample area three feet 
wide by 20 feet long was harvested on October 28, 1957, for forage 
yield. 
Greenhouse E~erimental Procedure 
The greenhouse experiments were established as a randomized block 
design with a treatment factorial of two potassium levels and nine 
basic treatments of combinations and rates of urea, superphosphate, 
and ammonium phosphate . The treatments were replicated three times 
at high and low moisture levels . Details of the soil fertility treat-
ments and moisture levels are presented in Table III. 
Four kilograms of Port silt loam, screened to pass a 4-mesh 
screen, were portioned into weighed one-gallon glazed earthenware 
pots. The fertilizer materials were placed in a circular band one 
and one-half inches below the soil surface and one inch from the pot 
wall. The superphosphate (0-20-0) , urea (45-0=-0) 1 and ammonium phos-
phate (13-39=0) were fertilizer grade. These materials were screened 
to obtain uniform granular materials. The potassium source used was 
KCl (C.P.). 
TABLE III g FERTILITY TREATMENTS AND MOISTURE LEVELS USED IN THE 
GREENHOUSE EXPERIMENTS, STILLWATER, 19580 
Treatment 
Symbol 
Cheek 
Nl 
N2 
pl 
P2 
N1P1 
N#2 
AP1 
AP2 
'1 
Low 
High 
Lbso per 
acre 1/ 
0--0-0 
25=75-0 
50=150=-0 
25=75=0 
50=150=0 
0=0-100 
Fertility Treatments 
Fertilizer Material 
No fertilizer 
Urea (45% N) 
Urea (45% N) 
Superphosphate (20% P205) 
Superphosphate (20% P205) 
Urea (45% N) + Superphosphate ( 20% P205) 
Urea (45% N) + Superphosphate (20% P205) 
Ammonium phosphate (lJ-39-0) 
Ammonium phosphate (13-39=0) 
Soil Moisture Levels 
Oo5 x moisture equivalent 7o64% moisture 
22093% moisture lo5 x moisture equivalent 
ll Rate figures are in equivalent pounds per acre or N, P205» 
and K20 respeetivelyo 
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The greenhouse experiments were separated into four studies o 
The objective of the first two studies was to determine the effect 
14 
of the soil fertility treatments on the yield and chemical composition 
of Redlan gra:l.n sorghum forage ( 8) ~ with differential soil moisture 
conditionso Details of these moisture levels are given in Table IIIo 
These soil moisture levels were selected to indicate extremes in soil 
moisture conditions based on previous work by Welch (58) and Nossaman (34)0 
The total weight of the pot and the soil at its specified mois= 
ture content was recorded for each individual poto Moisture levels 
were periodically maintained by placing the pots on scales and adding 
sufficient water to bring the soil to its specific moisture contento 
The pots of the low moisture level study were initially brought up 
to moisture equivalent for germination of the plantso The plants at 
the low moisture level were allowed to wilt each time before addi-
tional water was addedo 
The pots were fertilized and planted to Redlan grain sorghum on 
December 10 9 19570 Twenty seeds per pot were planted and stands were 
later adjusted to seven plants per poto The plants were harvested 
for forage yield on February 18 1 1958, when the first heads appearedo 
The plants were oven dried and weighed for yield datao The 
samples were then ground and two samples of the forage from each 
pot were analyzed for chemical compositiono Total nitrogen was 
determined by the modified Kjeldahl method outlined by Jackson (25) o 
Samples were digested for phosphorus, potassium9 calcium, and mag-
nesium content by the wet=digestion method of Shelton and Harper (5l)o 
The total phosphorus was also determined by the procedure reported 
by Shelton and Harper, The potassium, calcium9 and magnesium were 
determined with a Beckman flame spectrophotometer as reported by 
Jackson (25)o 
The second two studies were designed to measure the residual 
effects of the soil fertility treatments of the first two studies on 
the yield of Lahoma sweet sudan grass (9) forageo After the Redlan 
grain sorghum was harvested from the first two experiments the pots 
were replanted to Lahoma sweet sudan grasso The two experiments 
were maintained at moisture equivalento 
The pots were planted on February 19* 1958, and the stand was 
later adjusted to nine plants per poto The plants were harvested 
on May 6, 1958, when the first heads appearedo The plants were 
oven dried and weighed for yield datao 
Statistical Analyses 
Statistical analyses were used on the yield and chemical compo-
sition data as an aid in interpretationo Coefficients of variation 
and analyses of variance for significant differences were determined 
by methods outlined by Snedecor (53)o A multiple range test pro-
posed by Duncan (12) was used as an aid in interpreting the data 
when significant values were obtained from the analysis of varianceo 
• "@ 
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IV RESULTS AND DISCUSSIONS 
Field Experiments 
There were two field experiments established to study the effect 
of the soil fertility treatments on the grain yield of Concho wheat and 
the forage yield of Lahoma sweet sudan grasso The treatment symbols 
explained below will be used in the discussion of the resultso 
Treatment Fertilizer Rate 
Symbol Material Analysis 1/ (lbso per acre) 
Check No fertilizer 
N1 Urea (45=0-0) 2906 
Nz Urea (45=0=0) 59o2 
:P1 Superphosphate (0-20=0) 20000 
P2 Superphosphate (0=20=0) 40000 
AP1 Ammonium phosphate (13=39=0) 10205 
AP2 Ammonium phosphate (13=39-0) 20500 
K Muriate of potash (0-0=60) 660'1 
Effect of Soil Fertility Treatments on the Grain Yield of Wheat g 
Grain yields of Concho wheat from the field plots are presented 
in Table IVo There were no statistically significant yield differ= 
ences between the fertility treatments as indicated by the F values 
from the analysis of varianceo De·l;ails of the soil fertility treat= 
ments used in the experiment, are shown in Table II o 'fhe yield figures 
Figures in parenthesis represent percent N, P205 9 and K20 
respectivelyo 
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T:ABLE 1:Vs •. ;,. EFFECT'OF···vABIOUS SOIL FERTILITY 'TREATMENTS ON THE 
GRAIN YIELD OF CONCHO WHEAT, PORT SILT LOAM, FIELD 
EXPERIMENT, LAKE CARL BLACKWELL STA.'fION, 19570 
Replications 
Treatment!/ I II III Average 
Yield in bushels per acre 
Check 16.88 15.56 18048 16097 
P1 16094 14010 13034 14.79 
P2 15.32 12.12 11.88 lJ.11 
N1P1 2Jo74 16.44 16.48 18089 
N2P.2 16.56 22094 16.76 18.75 
AP1 15098 .20002 17.68 17.89 
AP2 15.66 21.56 18.36 18.53 
K 16.J8 2.3044 14.60 18014 
P1K 16.64 24.74 14.04 18.47 
P2K 14.68 20.58 14.98 16.75 
N1P1K 20.00 12.58 19.78 17.45 
N2P2K 22.36 18.72 T8.60 19.89 
AP1K 16.28 12.94 15.28 14.83 
AP.2K 21.56 21.48 17098 20033 
Mean Yields by Soil Treatment y 
Treatment Ko K1 Average 
= 
Yield in bushels per acre 
Check 16.97 18.14 17.55 
P1 14.79 18.47 16.6J 
P.2 lJ.11 16.75 14.93 
N1P1 18089 17045 18.17 
N2P2 18.75 19.89 19oJ2 
AP1 17.89 14.83 16.36 
AP.2 18.53 20.J.3 1904.3 
Average 16.99 17.98 17.49 
Standard Error of Mean=.3.248 C.V.=18.76% Treatment F Value 
(not significant) 
JI See Table II for details of soil ftrtility treatments. 
Y Each figure is the mean of three r~plications. 
17 
discussed are the average yields of three replications reported as 
bushels of grain per acreo 
The range in differences of average yields was 7o22 bushels 
per acreo The lowest average yield of lJoll bushels was from the 
plots which received the P2 treatmento The highest average yield 
of 20033 bushels was from the AP2K plotso The average yield of all 
plots in the experiment was 17049 bushels per acreo 
The average yield of all plots which received potassium was 
17098 bushels per acreo The average yield of all plots which did 
not receive potassium was 16099 bushelso Mean yields were decreased 
when potassium was included with the low rate of nitrogen and phos-
phorus (N1P1 and AP1) as compared to the yield from the corresponding 
treatments without potassiumo Mean yields were increased 1 however, 
when potassium was included with the high rate of nitrogen and phos-
phorus (N2P2 and AP2)o The lowest average yields were from the 
plots which received the P1 and P2 treatmentso The highest average 
yields were obtained from the plots which received the high rate of 
a complete fertilizer treatment (AP2K and N2P2K)o The applications 
of the high rate of nitrogen and phosphorus (N;!2 and AP 2) produced 
a higher yield than the low rate when potassium was included in the 
treatmentso These data indicate the need for favorable nutrient 
element balance to obtain optimum crop yieldso 
Monoammonium phosphate was superior in most cases to superphos-
phate without urea when compared at the same fertility levelso The 
superphosphate plus urea was superior to ammonium phosphate in three 
of four treatmentso The average yield from the AP2K treatment was 
higher than the average yield of the N2P2K treatmento 
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Effect of Soil Fertility Treatments on the Forage Yield of Sudan Grass: 
Forage yields of Lahoma sweet sudan grass from the field plots 
are presented in Table Vo Details of the soil fertility treatments 
used in the experiment are shown in Table IIo There were no statis= 
tically significant yield differences as indicated by the F values 
from the analysis of varianceo The treatment symbols used in this 
discussion are explained on page 160 The yield figures discussed 
are the average yield of three replications reported as tons of dry 
forage per acreo 
The range in the differences of average yields per acre was 
L06 tons o The lowest average yield of 2o89 tons of dry forage 
per acre was from the plots which received only potassium (K)o The 
highest average yield of 3o95 tons was from the plots which received 
the AP2K treatmento The overall average yield of all plots in the 
experiment was 3o37 tons of dry forage per acreo Two treatments 9 
P1 and K, produced less forage than the check yield of 3oll tons 
per acreo 
The mean yield of all plots which received potassium was 3o38 
tons of dry forage per acreo The mean yield of the plots which did 
not receive potassium was 3o36 tonso The application of potassium 
only (K) decreased the average yield by Oo22 tons as compared to the 
check (no treatment) plotso Mean yields were decreased when potassium 
was included with the low rate of nitrogen and phosphprus (N1P1 and 
AP1 ) as compared to the corresponding treatments without potassiumo 
Howeverjl mean yields were increased when potassium was included with 
the high rate of nitrogen and phosphorus (N2P 2 and AP 2) o When 
TABLE Vg EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON FORAGE 
YIELD OF LAHOMA SWEET SUDAN GRASS, PORT SILT LOAM, FIELD 
EXPERIMENT, L.AKE CARL BLACKWELL STATION, 19570 
Replications 
Treatment !/ I II III Average 
Tons forage per acre (14% moisture) 
.Check ;3o96 2.35 3.04 3.11 
P1 J.68 3.38 L93 2o99 
P.2 4.03 3°44 Joll 3.52 
N1P1 3.50 2o91 4.44 3.62 
N2P2 .3 .44 4.1,3 2.88 3o48 
AP1 3.38 3.96 3.50 J.61 
AP2 3.02 3.27 3.18 3.16 
K 2.41 3.0.3 3.23 2.89 
P1K 2.52 3.04 3.74 3.10 
P2K 2.44 4.46 3.13 3.34 
N1P1K 3.26 3.84 3.17 3.42 
N2P2K 4.08 2.97 4.09 3.71 
AP1K 2.01 2.85 4.97 3.28 
AP2K 3.04 3.74 5.07 3.95 
Mean Yields by Soil Treatment g/ 
Treatment Ko K1 Average 
Tons forage per acre (14% moisture) 
Check .3.11 2o89 3o00 
P1 2.99 3.10 3.05 
P.2 3o52 3.34 3.43 
N1P1 3.62 3.42 3.52 
N2P2 3.48 3.71 3.Eo 
AP1 3o61 J.28 3.44 AP 2 3.16 3.95 .3.55 
Average 3.36 3.38 3.37 
Standard Error of Mean=l.124 c.v.:20.96% Treatment F Value 
(not significant) 
!/ See Table II for details of soil fertility treatments. 
2if Each figure is the mean of three replications. 
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potassium was omitted from the treatments of the high rate of nitrogen 
and phosphorus, they produced less yield than the low rateo The AP2K 
and N2P2K treatments produced the highest yields of any plots in the 
experimento These data indicate the need for nutrient element balance, 
particularly with the higher rates of fertilizationo 
Monoammonium phosphate was superior to superphosphate without a 
nitrogen source in most cases when compared at the same fertility 
levelso Superphosphate plus urea was superior or equal to monoammon-
ium phosphate except at the high fertility level with potassium, 
where the AP2K plots produced a higher average yield than the N~~ 
plotso 
Greenhouse Experiments 
There were four studies in the greenhouse experimentso Two 
experiments were established to study the effect of the soil fertility 
treatments on the yield and chemical composition of Redlan grain 
sorghum when grown at two extremes in soil moisture levelso The 
objective of the other two studies was to determine the residual 
effects of the previously applied soil fertility treatments on the 
yield of Lahoma sweet sud.an grasso The previous crop had been grown 
at extremes in soil moisture conditions. The treatment symbols 
explained on the next page will be used in the discussion of the 
results of the greenhouse experimentso 
Treatment 
Symbol 
Fertilizer 
Material Analysis 1/ 
No fertilizer 
Urea 
Urea 
Superphosphate 
Superphosphate 
Ammonium phosphate 
Ammonium phosphate 
Muriate of potash 
(45=0=0) 
(45-0-0) 
(0-20-0) 
(0=20=0) 
(13::.39=0) 
(13=39=0) 
(0-0=60) 
Rate 
(lbso per acre) 
55o5 
llloO 
37500 
75000 
19203 
38406 
16607 
Effect of Soil Fertility Treatments and Low Soil Moisture on 
Grain Sorghum Forageg 
Yield Resultsg Yield data of Redlan grain sorghum forage grown 
in the greenhouse at a low soil moisture level are reported in Table 
Vlo There were no statistically significant yield differences 
between the fertility treatments as indicated by the F values from 
the analysis of varianceo Details of the soil fertility treatments 
and soil moisture level are shown in Table IIIo The yield figures 
discussed are the average yield of three replications reported as 
grams of oven dry forage per poto 
The range in differences of average yields was la47 grams per 
pot comparing the mean forage yields between fertilizer sources~ 
rates, and combinationso The lowest average yield of 5o33 grams was 
obtained from the N1P1 treatmento The highest average yield of 6080 
grams was from the AP1 treatmenta The overall average yield was 6017 
gramso Two treatments» N1P1 and N2KJ produced less than the check 
yield of 5o67 gramso The other soil fertility treatments produced 
higher mean yields than the checko The high application rate of 
1/ Figures in parenthesis represent percent N, P205 9 and K20 
respectivelyo 
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TABLE VIg EFFECT OF VARIOUS FERTILITY TREATMENTS AND SOIL MOISTURE 
LEVELS ON FORAGE YIELD OF REDLAN GRAIN SORGHUM, PORT SILT 
LOAM, GREE~""HOUSE EXPERIMENT, STILLWATER, 19580 
Low Soil Moisture Level 
Without Potassium With Potassium 
Treati/ 
ment 1 I II III Aveo I II III 
Grams oven dry forage per pot 
Check 5o4 600 506 5o67 7o3 604 4o9 
N1 5o0 602 600 5o73 5.7 508 603 
N2 601 6.3 6.1 6017 6.1 4o7 601 
P1 508 7o0 605 6043 604 602 408 
P2 5o0 800 ?ol 6070 4o9 408 9o3 
N1P1 5o9 603 Jo8 5o33 5o7 602 5o3 
N2P2 603 600 ?oO 6043 607 600 606 
AP1 7o0 6 0 3 7ol 6080 604 607 607 
AP2 506 7o3 602 6037 603 7o0 609 
Average 6018 
Standard Error of Mean=Oo5603 CoVo=l5o72% 
Treatment F Values (not significant) 
High Soil Moisture Level 
Without Potassium With Potassium 
Treaty' 
ment 1 I II III Aveo I II 
Grams oven dry forage per pot 
Check 12o5 llo_5 1006 llo53 
N1 9ol 809 llo2 9o7J 
N2 804 9o5 lOo? 9o53 
P1 12oJ 10o9 13o9 12037 
P2 12o7 lJol 14o2 13 0 33 
N1P1 11.7 12o5 12o4 12020 
N2P2 806 8.8 1L5 9o63 
AP1 16o7 lOol 12oJ 13003 
AP2 12.7 14o5 14oJ 1Jo8J 
Average ll-069 
Standard Error of Mean~loOl CoVo=l5o20% 
N~ P, and AP Treatment F Value=2o69 * ~ 
1108 10o5 
9o4 lLO 
13o9 7o9 
908 12ol 
1308 807 
10o7 lOoO 
1L6 lJol 
llo9 12o2 
9o'9 1:2;9 
III 
13o7 
9o5 
lloO 
806 
1Jo8 
12o0 
9o2 
12o7 
1:4.5 
l/ See Table III for details of greenhouse experimento 
~ * significant ~t 5% levelo 
Aveo 
6020 
5o93 
5o63 
5~80 
60.33 
5o73 
6043 
6060 
6073 
6015 
Aveo 
12000 
9oo// 
10093 
10017 
12010 
10090 
lloJO 
12.27 
12.43 
llo.34 
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the fertility treatments generally produced higher mean yields than 
the low application rateo 
The application of potassium with the checkj Ni, N1P1, and Af2 
treatments increased the mean yield over the same treatments without 
potassium fertilization. The addition of potassium with the other 
basic fertility treatments resulted in no difference in yield, or a 
decrease in yield. The application of urea at both rates (N1 and 
N2) without superphosphate produced a slight yield increase over the 
check when potassium was omitted. Decreases in yield were obtained, 
however, when potassium was included with the N1 and N2 treatments 
when COJI\P&red to the potassium only (K) treatment. 
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The treatments of urea and superphosphate, with and without 
potassium (NP and NPK), produced yield decreases at the low rate and 
yield increases at the high rate, when the treatments without potassium 
were compared to the check (no fertilizer) and the treatments with 
potassium were compared to the potassium only (K) treatment. In-
creases in yield were obtained from both rates of superphosphate 
without a nitrogen and potassium source (P1 and P2), when compared 
to the check. The yields were decreased, however, when potassium. 
was included as compared to the treatments without potassium. 
The ammonium phosphate and potassium treatment (AP1K) was the 
only treatment at the low fertility level with potassium to produce 
an increase in yield over the potassium only treatment. All phosphorus 
treatments in the high fertility level with potassium produced higher 
yields than the check, but the ammonium phosphate treatment produced 
the highest yield. These data may indicate the need for a high 
water soluble phosphorus source when the soil moisture level is low 
and the root environment near the fertilizer band may have a high 
salt concentration. 
Influence on Chemical Composition: The Redlan grain sorghum 
forage grown in the greenhouse at a low soil moisture level was 
analyzed for the percent nitrogen, phosphorus, potassium, calcium, 
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and magnesium. The composition data were submitted to the statistical 
analysis of variance tests.· The results of the chemical analyses 
along with some of the statistical data are presented in Table VII. 
The multiple range tests of the chemical composition data are shown 
in Table XI. The treatment symbols used in the discussion of results 
are explained on page 22. The data discussed are averages of two 
subsamples analyzed from each treatment within each replication and 
expressed as percent composition of the dry forage. 
Nitrogen: The F values for all treatments and basic treat-
ments were significant at the 1% level. The range in differences 
of average percent nitrogen composition between soil fertility treat-
ments was 0.25%. The lowest nitrogen composition of 1.88% was from 
the P1 treatment and the highest percent nitrogen composition of 
2.13% was from the N2P2 treatment. 
The forage from the check pots contained 1.91% nitrogen. The 
treatments of superphosphate without urea (P and PK) generally reduced 
the percent nitrogen as compared to the check. The percent nitrogen 
of the forage was generally increased when potassium was included 
with a fertility treat~ent as compared to the same treatment without 
potassium. 
TABLE VII g EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON THE 
CHEMICAL COMPOSITION OF REDLAN GRAIN SORGHUM FORAGE, 
LOW MOISTURE LEVEL, PORT SILT LOAM, GREENHOUSE 
EXPERIMENT, STILLWATER, 19580 !/ 
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Treat-
ment 2t,/ Nitrogen Phosphorus Potassium Calcium Magnesium 
=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Check 
N1 
N2 
P1 
P2 
N1P1 
N;f2 
AP1 
AP2 
Average Ko 
K 
N1K 
N2K 
P1K 
P2K 
N1P1K 
N2P2K 
AP1K 
AP;2K 
Overall Ave. 
F values JI 
lo91 
2.05 
2.06 
1088 
L89 
1.94 
2~1.3 
lo99 
2.11 
2.00 
1.94 
2.07 
2.12 
lo89 
1.95 
2607 
1.97 
2o01 
2o08 
2.01 
All treatments 3.12** 
Basie treatment 5.18** 
K treatment <:l.OOn.s. 
K x basic 
treatment lo39lloSo 
Standard error 
of mean(x 103) 47.93 
c. v. (%) 5.86 
0.205 
0.226 
0.211 
0.201 
0.292 
0.235 
0.296 
0.223 
0.361 
0.250 
0.205 
0.229 
0.223 
00209 
00320 
0.224 
o.267 
Oo223 
0.337 
0.248 
19.23** 
39.64*-I! 
<.l.OOn.s. 
11.44 
11.25 
Percent 
3.12 
3.01 
.3.12 
2o79 
2.85 
3.18 
3.10 
2.74 
2.85 
2.97 
J.21 
3.14 
3.07 
3.11 
3.18 
3.06 
2.90 
2.90 
3.17 
3o08 
5.14** 
4.87** 
12.0l** 
4o57** 
0.285 
0.282 
0.272 
0.275 
0.269 
0.269 
0.281 
0.286 
o.272 
0.277 
00279 
0.263 
0.292 
0.283 
0.254 
0.296 
0.274 
0.285 
0.250 
o.275 
0.276 
2.10* 
2.38* 
<1.oon.s. 
2.05* 
00537 
0.547 
0.558 
0.528 
0.540 
0.570 
0.590 
0.582 
0.555 
0.556 
0.545 
0.545 
0.537 
0.563 
0.508 
0.572 
0.533 
0.547 
0.523 
0.541 
2o55** 
2.47* 
5.80* 
2.26* 
11 Each figure represents the mean of six values obtained from 
duplicate chemical analyses on plant material from each of 
three replications for each treatment. 
2:/ See Table III for details of greenhouse treatmentso 
JI ** significant at 1% level,* significant at 5% level, 
n.s. not significant. Analyses of variance included duplicate 
analyses as subsamples from the total forage obtained from 
each poto 
Nitrogen percentages were higher in all cases where nitrogen 
was a part of the fertility treatments as compared to the same 
treatments without nitrogeno The source of the nitrogen, whether 
urea or ammonium phosphate, did not seem to make much differenceo 
Increasing the rate of nitrogen fertilization generally increased 
the percent nitrogen of the forage over the low rate of nitrogen 
applicationo 
~horus~ The F values for all treatments and basic 
treatments were significant at the 1% levelo The range in differ-
ences of average percent phosphorus composition between the soil 
fertility treatments was Ool50%o The lowest percent phosphorusj 
00201%, was from the P1 treatment and the highest percent phosphorus, 
00361%, was from the AP 2 treatmento 
The percent phosphorus of the forage from the check (no ferti-
lizer) and the potassium only (K) treatments was Oo205%o The P1 
treatment was the only treatment to produce forage which contained 
a lower phosphorus composition than the checko The phosphorus compo-
sition of forage from treatments with the high rate of phosphorus 
fertilization was significantly higher than the check as shown by 
the multiple range testo 
The high rate of phosphorus fertilization produced forage 
significantly higher in phosphorus composition than the low rate 
when like treatments were comparedo The high rate of urea without 
a phosphorus source (N2 and N2K) decreased the percent phosphorus 
as compared to the low rate (N1 and N1K)o 
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The N1P1 treatment produced forage which was higher in percent 
phosphorus than the forage from the AP1 treatment, but they were about 
equal when potassium was added to the treatments" The forage from 
the AP 2 and AP f, treatments contained the highest percent pho1sphorus 
of any treatments in the experimento It appears from this data that 
at the higher rates of fertilization the water solubility of the phos-
phorus assumes greater importance when the soil moisture level is low. 
There was an increase in the percent phosphorus of the forage 
when potassium was added with the treatments of only superphosphate 
(P1 or P2) or only urea (Ni or N2) as compared to the same treatments 
without potassium. There was a decrease in the percent phosphorus, 
however, when potassium was added with the treatments of nitrogen 
and phosphorus together (NP or AP) as compared to the same treatments 
without potassiumo 
Potassium; The F values for all treatments, basic treat-
ments, K treatment, and potassium x basic treatment interaction 
were all significant at the 1% level. The range in differences of 
average percent potassium was 0.4?. The lowest potassium composition 
of 2.74% was from the AP1 treatment and the highest potassium compo-
sition of J.21% was from the potassium only treatment. 
The average potassium composition of all treatments which re-
ceived potassium was higher than the average of all treatments with= 
out potassium. The forage of the check pots contained J.12% potassium. 
and the N1P1 treatment was the only treatment without potassium that 
was higher than the check. The forage from the pots which received 
the potassium only treatment contained 3o21% potassium and none of 
the other treatments receiving potassium was higher, 
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The potassium composition of the forage where potassium was added 
to a treatment containing urea was generally lower as compared to the 
same treatment without potass:i.um, The addition of potassium to the 
Pi, P2, AP1 , and AP 2 treatments increased the percent compositj_on of 
the forage when the same treatment with and without potassium was 
comparedo Increasing the rate of fertilization increased the percent 
potassium in all treatments except three which contained urea (NK, 
NP, and NPK) o 
The superphosphate treatments without urea produced forage wM.ch 
was higher in percent potassium in all cases than the ammonium phos-
phate treatments when they were compared at the same phosphorus and 
potassium rate of fertilizationo The forage from the AP2K treatment 
was higher in percent potassium than was the forage from the N2P2K 
treatment, but the NP treatments were higher than the AP treatments 
in the other three caseso The forage from the NP treatments was 
higher in percent potassium than the forage f'rom the P treatments 
when potassium was omitted from the treatmento However, when potassium 
was added, the P treatments were higher than the NP treatments, 
Calciuroi The F values for all treatments, basic treatments, 
and the potassium x basic treatment interaction were all significant 
at the 5% levelo The lowest calc:i.um composition of 00250% was from 
the AP 2K treatmento The highest calcium composition of 00296% was 
from the N1P1K treatmento 
The AP1, N2K, and N1P1K treatments were the only treatments to 
increase the percent calcium of the forage over the check value of 
Oo285%o The addition of potassium to the N2 9 P1, and N1P1 treatments 
increased the percent calcium of the forage as compared to the same 
treatment without potassium, but the percent calcium of the forage 
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was reduced when potassium was added to the other treatmentso In-
creasing the rate of fertilization generally reduced the percent calcium 
of the forageo The result of comparing the yields with the percent 
calcium of the forage shows that, in general, the higher yields of 
forage contained the lower percent calcium compositiono 
~§gnesium~ The F value for all treatments was significant 
at the 1% level~ and the F values for basic treatments, K treatment, 
and the potassium x basic treatment interaction were significant 
at the 5% levelo The lowes"t; magnesium composition of 00508% was 
from the P2K treatmento The Mghest magnesium composition of 00590% 
was from the N,;l2 treatmento 
The addition of potassium to a soil fertility treatment usually 
reduced the percent magnesium composition of the forage as compared to 
the same treatment without potassiumo Incr~asing the application rate 
of the N, P, and NP treatments increased the percent magnesium of the 
forage, but in all treatments with potassium and the AP treatment, 
increasing the application rate decreased the percent magnesium of 
the forageo 
Effect of Soil Fertility Treatments and High Soil Moisture on 
Grain Sorghum Foragei 
Yield Results3 Yield data of Redlan grain sorghum forage grown 
at the high soil moisture level in the greenhouse are reported in 
Table VI o 'rhe F value for all treatments was not significant, but 
the F value for the basic treatments of combinations and rates of 
nitrogen 1 phosphorusj) and ammonium phosphate was significant at the 
5% levelo Details of the soil fertility treatments and soil moisture 
level are shown in Table IIIo The treatment symbols used are ex-
plained on page 2.20 The yield figures discussed are the average 
yields of three replications reported as grams of oven dry forage 
per poto 
The range in differences of average yields was 4o30 grams per 
poto The lowest average yield of 9o53 grams was from the pots which 
received the N2 treatmento The highest average yield of 1Jo83 grams 
was from the AP 2 treatmento The yield of the check was 1L53 grams 
and the overall average yield was llo51 gramso Nine of the treat-
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ments produced more forage than the check and eight treatments produced 
less forage than the checko 
The average yield of all treatments without potassium was 11069 
grams and the average yield of all treatments with potassium was 
lloJ4 gramso The yield response to the addition of potassium was 
irregular among the basic treatmentso There was a slight yield 
increase when only potassium was added to the soil as compared to 
higher mean yields than these same treatments without potassiumo 
The addition of potassium to the other basic treatments (P1 , P2, 
N1P1 , AP1 j and AP 2) decreased the yield. 
Yields were decreased in most cases where urea was included 
in a treatment as compared to the same treatment without ureao 
Seven of the eight treatments containing urea produced lower yields 
than the check. The highest average yields at both fertility levels 
with or without potassium were produced from the pots which received 
the ammonium phosphate treatments, where most of the nitrogen and 
phosphorus are co=joined in one compound. Apparently, at the high 
soil moisture level monoammonium phosphate was a better source of 
nitrogen than urea and a better source of phosphorus than super-
phosphate. 
Influence on Chemical Composi·tion: The Redlan grain sorghum 
forage from the high soil moisture level greenhouse experiment was 
analyzed for nitrogen, phosphorus 9 potassium, calcium, and magnesium. 
The composition data were submitted to the statistical analysis of 
variance testso The results of the chemical analyses along with 
some of the statistical data are presented in Table VIIio Multiple 
range tests of the chemical composition data are shown in Table XIIo 
The treatment symbols used in the discussion of results are explained 
on page 220 The data discussed are averages of two samples analyzed 
from each treatment within each replication and expressed as percent 
composition of the dry forageo 
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Nitrogen~ The F values for all treatments and the basic 
treatments were significant at the 1% level. The range in differences 
TABLE VIII t EFFECT OF VARIOUS SOIL FERTILITY TREATMENTS ON THE 
CHEMICAL COMPOSITION OF REDLAN GRAIN SORGHUM FORAGE, 
HIGH MOISTURE LEVEL, PORT SILT LOAM, GREENHOUSE 
EXPERIMENTj STILLWATER, 1958. J/ 
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Treat= 
ment Y Nitrogen Phosphorus Potassium Calcium Magnesium 
Check 
N1 
N2 
P]. 
P2 
N1P1 
N#2 
AP1 
AP2 
Average Ko 
K 
N1K 
N2K 
P1K 
P2K 
N1P1K 
N2P2K 
AP1K 
AP2K 
!verage Ki 
Overall Ave. 
F values JI 
1.94 
2.10 
2ol3 
1.76 
1.66 
lo93 
2.24 
1.84 
1.89 
1.94 
1.88 
2.22 
1.83 
1.68 
1.89 
2.05 
lo74 
1.59 
1.79 
1.85 
L90 
0.247 
0.248 
0.251 
0.236 
0.265 
0.245 
0.320 
0.252 
0.286 
0.261 
0.243 
0.222 
0.251 
0.279 
0.293 
0.255 
0.286 
e.220 
0.257 
0.256 
0.259 
All treatments 2.63** 4.51** 
Basic treatment J.26** 6.08** 
K treatment 2.76n.s. <loOOn.s. 
K x basic 
treatment l.98n.s. 2.70* 
Standard error 
Percent 
2.69 
2.75 
2.76 
2.63 
2.34 
2.64 
2.81 
2.35 
2.32 
2.59 
2.74 
2.86 
2.79 
2.77 
2.52 
2.72 
2.64 
2.44 
2.55 
2.67 
12.99** 
22.97** 
lJ.70** 
0.214 
0.197 
0.215 
0.200 
0.205 
00231 
0.208 
0.202 
0.208 
0.209 
0.203 
0.203 
0.189 
0.219 
0.207 
0.243 
0.192 
0.204 
0.200 
0.20? 
0.208 
2.80** 
. 4.19** 
<l.OOn.s. 
0.478 
0.500 
0.525 
0.502 
0.502 
0.530 
0.523 
0.535 
0.505 
0.511 
0.490 
0.512 
0.485 
0.483 
0.499 
0.525 
0.475 
0.508 
0.478 
0.495 
1.79* 
l.95n.s • 
5.77* 
of mean(x 103)115.80 12.10 47.43 7.91 14.22 
C.V. (%) 14096 11.45 4o42 9o31 6093 
!/ Each figure represents the mean of six values obtained from 
duplicate chemical analyses on plant material from each of 
three replications for each treatmento 
~ See Table III for details of greenhouse treatments. 
JI ** significant at 1% level»* significant at 5% level, 
n.so not significanto Analyses of variance included duplicate 
analyses as subsamples from the total forage obtained from 
each poto 
of average percent nitrogen composit,ion between the treatments was 
Oo65%o The lowest nitrogen composition of lo59% was from the AP1K 
treatment and the highest nitrogen composition of 2o24% was from the 
N2P2 treatmento The average nitrogen composition of the forage from 
all treatments was lo90%o 
The average nitrogen composition of the forage was L94% from 
the treatments without potassium and L85% from the treatments with 
potassituno The addition of potassium with the urea treatments of 
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N and NP increased the percent nitrogen of the forage at the low rate, 
but decreased the percent nitrogen at the high rate when the same 
treatment with and without potassium was comparedo Potassium de-
creased the percent nitrogen when it was added to the ammonium phos-
phate treatmentso Potassium when added to the superphosphate only 
treatments decreased the percent nitrogen at the low rate and in-
creased it at the high rateo 
'rhe forage from the check pots contained L94% nitrogeno All 
treatments which had ammonium phosphate as a nitrogen source were 
lower than the checko The five treatments which were higher than 
the check contained urea o The two treatments containing urea whi.ch 
were lower than the check were the high rate with potassium (N2K and 
N2P2K)o Apparently, at the high soil moisture level, the urea source 
of nitrogen was better than the ammonium phosphate source for producing 
forage with a high ni trog1im composition, The yield data showed the 
opposite trendo The forage from the AP treatments was higher in 
percent nitrogen than was the forage from the P treatments, but the 
PK treatments were higher than the APK treatments o ,, 
Ppospborus~ The F values for all treatments and basic 
treatments were significant at the 1% levelo The range of differ-
ences in average phosphorus composition between the treatments was 
OolOO%o The lowest phosphorus composition of 00220% was from the 
AP1K treatment and the highest phosphorus composition of 0.320% 
was from the N2P2 treatmento The overall average phosphorus compo-
sition of all treatments was 0.259%0 
The average phosphorus composition of the forage was 0.26.1% 
from all treatments without potassium and 0.256% from all treatments 
containing potassiumo The forage from the check treatment contained 
00247% phosphorus and the forage from the potassium only treatment 
contained Oo243% phosphoruso The percent of phosphorus in the forage 
was decreased when potassium was included with the ammonium phosphate 
treatments and increased when potassium was included ~ith the super= 
phosphate only treatmentso The N1 treatment produced forage with 
higher phosphorus composition than the N1K treatment produced, but 
the percent phosphorus of the forage was unchanged when potassium was 
added to the Nz treatment, The addition of potassium to the super-
phosphate plus urea treatments increased the percent phosphorus at 
the low rate and decreased it a:t the high rate. 
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All treatments containing the high rate of nitrogen and/or 
phosphorus produced forage higher in percent phosphorus than the forage 
from the checko Six of the seven highest values were obtained from 
the treatments containing the high rate of phosphorus applicationo 
The forage from the superphosphate and urea treatments generally 
contained a higher percent of phosphorus than the forage from the 
ammonium phosphate treatments. The superphosphate plus potassium 
treatments produced forage higher in percent phosphorus than did the 
ammonium phosphate and potassium treatments, but when potassium was 
omitted the ammonium phosphate treatments were higher than the super-
phosphate treatments. 
Potassiumi The F values for all treatments, basic treat-
ments, K treatment, and the potassium x basic treatment interaction 
were all significant at the 1% level. The range in differences of 
average percent potassium between the treatments was 0.54%. The 
lowest potassium composition of 2.32% was from the AP2 treatment 
and the highest potassium composition of 2.86% was from the N1K 
treatment. The overall average percent potassium of the treatments 
was 0.263%. 
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The average percent potassium of the forage from the treatments 
containing potassium was 2.67% and of the treatments without potassium 
was 2.59%. The forage from the potassium only treatment contained 
2.74% potassium and the forage from the check treatment contained 
2.69% potassium. The addition of potassium to the basic treatments 
generally increased the percent potassium contained in the forage. 
The forage from most of the treatments containing phosphorus 
was lower in percent potassium than the forage from the potassium 
only or check treatments. The forage from all of the treatments 
of urea without superphosphate was higher in percent potassium than 
the forage from the potassium only or check treatments. The forage 
from the treatments which produced the lowest yield, generally, 
contained the highest percent potassium. 
Calciumg The F values for all treatments and basic treat-
ments were significant at the 1% level. The lowest calcium composi-
tion of lo89% was from the N~ treatment. The highest calcium com-
position of 2.43% was from the N1P1K treatment. The overall average 
calcium composition was 00208%. 
The forage from the check treatment contained 00214% calcium. 
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The N2, P1K, N1P1, and N1P1K treatments were the only treatments to 
produce forage higher in percent calcium than the checko The forage 
from the N1K, P1K 9 and N1P1K treatments contained a higher percent 
calcium than did t~e forage from these same treatments without potas-
sium. At the high rate of nitrogen and/or phosphorus, potassium 
usually reduced the percent calcium of the forage. Increasing the 
application rate of the N, P, and AP treatments increased the percent 
calcium of the forage. The forage from all trea~ments with potassium 
and the NP treatment contained a lower percent of calcium at the 
high rate than the forage from the low rate. 
Magnesiums The F values for all treatments and K treatment 
were significant at the 5% levelo The lowest magnesium composition 
of 0.475% was from the N2P2K treatment. The highest magnesium compo-
sition of 0.535% was from the AP1 treatment. The overall average 
magnesium composition was 0.505%. 
The forage from the check treatment contained 0.478% magnesiumo 
The two treatments of the high rate of a complete fertilizer (N;2P2' 
and AP2K) were the only treatments to produce forage which contained 
a lower percent magnesium than the forage from the check. The appli-
cation of potassium usually decreased the percent magnesium of the 
forage when treatments were compared with and without potassium. 
Residual Effect of Soil Fertility Treatments on Yield of Sudan Grass, 
Previous Crop Grown at a Low Soil Moistureg 
J8 
Lahoma sweet sudan grass was grown in the greenhouse to study the 
residual value of the soil fertility treatments. The forage yield 
data of the sudan grass are reported in Table IX. The yields dis= 
cussed are the average yields of three replications reported as 
grams of oven dry forage per poto 
The fertility treatments had been applied to a previous crop of 
Redlan grain sorghum grown at a low soil moisture level. Details 
of the soil fertility treatments are shown in Table III. The treat= 
ment symbols used in the discussion of results are explained on 
page 22. 
There were no statistically significant yield differences among 
the treatments as indicated by the F valueso The range in differences 
of average yields was 5o67 grams. The lowest average yield of 14.73 
grams was from the P1 treatment. The highest average yield of 20040 
grams was from the N2 treatmento The overall average yield was 18009 
grams. 
The average yield of the check (no fertilizer) treatment was 
19083 gramso The yield of the potassium only treatment was 4o50 
grams less than the .. check yidd. The urea and/or superphosphate 
treatments (N~ P, NP) with potassium produced l~ss forage at the 
low rate and more forage at the high rate than the same treatments 
without potassiumo The ammonium phosphate treatments at both rates 
with potassium (APlK and AP2,K) produced less forage than the same 
treatments ~ithout potassium. 
TABLE IX& RESIDUAL EFFECTS OF VARIOUS SOIL FERTILITY TREATMENTS ON 
THE YIELD OF LAHOMA SWEET SUDAN GRASS FORAGE, PORT SILT 
LOAM, GREENHOUSE EXPERIMENrS 9 STILLWATER, 19580 
Low Soil Moisture Level 
Previous Without Potassium With Potassium 
Treat= I H III Aveo I II III Ave a ment 1/ 
Grams oven dry forage per pot 
Check 2106 , 18ol 1908 19083 16o2 13o9 l5o9 15033 
N1 lJoO 16o4 20o4 16060 24o0 18o7 16o5 19073 
N2 2L7 1608 22o7 20040 2008 2006 1706 19067 
pl lLO 18o0 15o2 14073 lJoO l5o0 16o5 14083 
P2 2206 1606 17o0 18073 19o9 12a2 18ol 16073 
N1P1 1408 17o0 18o7 16a63 19o0 2lo9 19o4 20010 
N2P2 20o9 2Jo2 16oO 2,0o03 19o0 1Jo6 17o2 16060 
AP1 20ol 18o7 17oJ 18070 15oJ 17o7 19o4 17.47 
AP2 2L6 1808 18o9 19077 19o5 19ol 20o5 19070 
Average 18038 17080 
Standard Error of Mean~lo537 CoVo~l4o70% Treatment F Value 
(not significant) 
High Soil Moisture Level 
Previous Without Potassium With Potassium 
Treat= I II III . Aveo I II III Aveo 
ment 1/ 
= 
Grams oven dry forage per pot 
Check 16o4 17o4 12o5 15043 12oJ 20oJ 12o2 14093 
N1 2Jo0 220? 1Jo4 19o'70 1L5 10o2 18o9 1Jo5J 
N2 1606 15o2 22o9 18023 18ol 19o3 19o5 18091 
P1 , 14o9 15o4 13oJ 14053 24ol llo7 lJol 16030 
P2 ; 1Jo2 12o7 14o7 13053 17o0 24o4 1208 18007 
N1P1 17o7 lJoJ 1Jo8 14093 1508 1308 20ol 16057 
N2,P2 
' 
16o9 12o9 15ol 14097 17o0 19o0 15o0 15083 
AP 2L8 1L8 2L9 18050 1306 12o4 1406 13053 
APl 19oJ 14o7 17o9 17030 20oJ 17oJ 14ol 17o2J 2 
Average 16oJ5 16001 
Standard Error of Mean;aa2o219 CoVo~2Jo66% Treatment F Value 
(ndt significant) 
bl See Table III for details of greenhouse experimento 
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produce more forage than the checko The two treatments of the low 
rate of superphosphate without urea (P1 and P1K) produced the two 
lowest yieldso The ammonium phosphate treatments had a greater resid-
ual value as indicated by yield than did the superphosphate without 
urea treatmentso 
The yields from the AP1 and AP'iK treatments were higher than 
treatments produced higher yields than the AP1K and AP2 treatmentso 
The sud.an grass appeared to .. respond more to the nitrogen treatments 
and less to the phosphorus treatments than did the grain sorghumo 
Residual Effect of Soil Fertility Treatments on Yield of Sudan Grass, 
Previous Crop Grown at a High Soil Moistures 
Lahoma sweet sudan grass was grown in the greenhouse to study the 
residual value of the soil fertility treatments which had previously 
been applied to a crop of Redlan grain sorghum grown at a high level 
of soil moisture. Details of the soil fertility treatments are shown 
in Table IIIo The treatment symbols used in the discussion of results 
are e:,cplained on page 22. The forage yield data of the sudan grass 
are reported,_ in Table IXo The yields discus~ed are the average 
yields of' three replications reported as grams of oven dry forage 
per poto 
The F values for treatments indicated that there were no statis-
tically significant yield differences _between the treatments. The 
coefficient of variation of' 23.66% indicated that the individual var~ 
iation within treatments was higho The range in differences of average 
yields was 6017 gramso The lowest yields of 13053 grams were produced 
from the AP1K, N1Ks and P2 treatments. The highest average yield of 
19070 grams was produced from the Ni treatmento The overall average 
yield was 16018 gramso 
The average yield of the check (no fertilizer) treatment was 
15043 gramso The average yield of the potassium only treatment was 
Oo50 grams less than the checko The treatments containing superphos-
phate and potassium (NPK and PK) produced higher yields than the same 
treatments without potassiumo The N1K and AP1K treatments produced 
more forage than the N1 and AP1 treatmentso The N2P2K and AP2K treat-
ments produced less forage than the N~2 and AP 2 treatmentso The high 
application rate of the treatments with potassium usually produced more 
forage than the low rate with potassiumo The high rate without potas-
sium, however~ usually produced less forage than the low rate without 
potassiumo 
The urea treatments alone usually produced higher yields than the 
ammonium phosphate or the urea plus superphosphate treatmentso The 
N2K treatment produced the most forage of any treatment with potassium9 
but the N1K treatment produced one of the lowest yieldso The ammonium 
phosphate appeared to have a greater residual effect on the yield of 
the sudan than the superphosphate treatments with or without ureao 
V SUMMARY AND CONCLUSIONS 
The principal o~jective of the field and greenhouse experiments 
was to compare ammonium phosphate (13-39-0) to superphosphate (20% 
P;205) with and without urea (45% N) as to relative effectiveness and 
phosphorus availability o Potassium was included :i.n half of the treat-
ments to study the need for nutrient element balanceo 
The field ex~eriments were conducted on a Port silt loam at the 
Lake Carl Blackwell agronomy stationo The experiments were set up 
in a split=plot design with three replicationso Potassium lev~ls 
were the main plots with seven basic treatments randomized in each 
main ploto The grain yield of Concho wheat and the forage yield of 
Lahoma sweet sudan grass were the criteria for deterndning the 
effects of the soil fertility treatmentso 
Results and conclusions from the field experiments may be sum-
marized as followsg 
lo The highest yield in both experiments was from the high rate of 
ammonium phosphate with potassiumo The second highest yields 
were from the high rate of superphosphate and urea with potassit:µn.o 
2o Ammonium. phosphate treatments generally produced higher yields 
than the superphospha.te without urea treatments o The superphos-
phate and urea treatments usually produced equal or higher yields 
than the ammonium.phosphate treatmcentso 
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3o The highest yields were from the high rate of a complete ferti-
lizer (nitrogen~ phosphorus 9 and potassium) indicating the need 
for nutrien·t; element balance to produce optimum yields o 
The four greenhouse experiments were grown on Port silt loamo 
There was a treatment factorial of nine basic treatments and two 
potassium levelso The objective of the first two studies was to 
determine the effect of the soil fertility treatments on the yield 
and chemical composition of Redlan grain sorghum forage, at different 
soil IDDisture levelso The objective of the second two studies was· 
to measure the residual effects of the soil fertility treatments 
from the first two studies on the yield of Lahoma sweet sud.an grass 
forageo 
Results and conclusions from the greenhouse experiments may be 
summarized as follows& 
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lo The highest yields from both the high and low soil moisture exper-
iments were produced by the ammonium phosphate trea·tments o 
2o The ammonil..un phosphate t:rea:tments usually produced higher initial 
yields than the superphosphate with or without urea treatmentso 
3o There was the indication of the need of a highly water soluble 
phosphorus source with the high rates of phosphorus application 
with potassium~ especially a.t the low soil moisture levelo 
4o Potassium fertilization was not necessary to obtain the highest 
yields from either soil moisture levelso 
5o The highest percentages of nitrogen were obtained in forage from 
the highest rates of nitrogen application,lli and the highes·t; percen-
tages of phosphorus were obtained from forage produced with the 
highest rates of phosphorus applicationo Percentages of potassium 
were usually higher from the treatments which contained potassium. 
60 The highest yields of forage usually contained the lowest percent 
of calciumo Potassium fertilization usually decreased the percent 
m,gnesium of the forageo 
7o The residual crop of Lahoma sweet sud.an grass responded more to 
the urea treatments and less to the phosphorus treatments than 
did the previous grain sorghum crop. 
80 The ammonium phosphate treatments usually had a higher residual 
value than the superphosphate treatments with or without urea at 
the high moisture level. 
9o At the low soil moisture level the ammonium phosphate treatments 
had a higher residual value than the superphosphate treatments 
without urea. The superphosphate and urea treatments had a higher 
residual value than the ammonium phosphate treatmentso 
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TABLE X~ THE PROFILE DESCRIPTION OF PORT SILT LOAM USED IN 
FIELD AND GREENHOUSE EXPERIMENTSo 
The following profile description was made on the location of 
52 
the soil fertility field experiment at the Lake Carl Blackwell stationo 
The site is a rarely inundated floodplain of Stillwater Creeko The 
landscape is weakly convex with about a one percent slope toward the 
creeko This is an Alluvial Soil formed over red bed.so Jj 
0=6" Light reddish-brown (5YR 6/4; 4/3, m) silt 
loam; weak fine granulari friable; pH 604; 
a few fine pores, grades to the horizon below. 
6-1211 Reddish=brown (5YR 5/4; 5/2, m) silt loam; 
moderate medium granular; friable; pH 6.6; 
grades to horizon belowo 
12-2011 Reddish-brown (3o5YR 4/4; 3/4, m) heavy silt 
loam, moderate medium granular; friable; 
permeable; pH 609; grades to horizon below. 
20-4811 Reddish-brown (2.5YR 5/4; 4/2, m) light clay 
loam; moderate to fine medium granular; 
friable; porous and permeable; pH 7.7; 
rests on the hor:i.zon below o 
C2 48=6011 Red (2.5YR 5/6; 4/6, m) silty clay loam; 
moderate to medium subangular blocky; very 
firm; pH 8.1; distinctly harder and more 
clayey than the horizons above. 
1/ Profile description furnished by Ho Mo Galloway, formerly 
soil scientist with Oklahoma State University and Soil 
Conservation Service. 
TABLE XI; MULTIPLE RANGE TESTg EFFECT OF VARIOUS SOIL FERTILITY 
TREATMENTS ON THE NITROGEN, PHOSPHORUS, POTASSIUM, 
CALCIUM, AND MAGNESIUM COMPOSITION OF REDLAN GRAIN SORGHUM 
FORAGE1 LOW MOISTURE LEVEL, PORT SILT LOAM, GREENHOUSE 
EXPERIMENT, STILLWATER, 1958. 
Percent Nitrogen 
(sm~47.93 x 10=3) 
(N2~87 1% level) 
Treatment 
K 
N1P 
P2K 
N2P2K 
A.Pl 
AP1K 
Nl 
N K l 
N1P1K 
AP2K 
AP2 
N2K 
Nz2 
1.,88 
1.89 
1.89 
1.91 
1.94 
lo94 
lo95 
1.97 
1.99 
2.01 
Percent Phosphorus 
(Sm~ll.44 x lo=J) 
(N2~87 1% level) 
Treatment 
Check 
K 
P1K 
N2 
N2K 
AP1 
AP1K 
N1P1K 
N1 
N1K 
N1P1 
N-;#2K 
P,2 
N;!2 
P2K 
AP2K 
AP2 
Mean 1/ 
0.201 
0.205 
Oo205 
0.209 
Oo211 
0 .. 223 
Oo22J 
0.223 
0.224 
0.226 
0.229 
0.235 
o.267 
0.292 
0.296 
0.,320 
0 • .337 
0.361 
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TABLE Xlg (Continued) 
Percent Potassium 
(Sm:66008 x lo=J) 
(N2=87 1% level) 
Treatment 
AP1 
P1 
P2 
AP2 
AP1K 
N2P2K 
Nl 
N1P1K 
N2K 
NiP2 
P1K 
Check 
N2 
N1K 
AP2K 
NlPl 
p K 2 
K 
2o74 
2o79 
2o85 
2o85 
2o90 
2o90 
3o01 
Jo06 
.3o08 
JolO 
Joll 
Jol2 
Jol2 
Jol4 
Jol7 
Jo18 
3.18 
J.21 
Percent Calcium 
(Sm=8o28 x 10=3) 
(N2=87 1% level) 
Treatment Mean!/ 
l}P ';){. 0 0 2 50 
P~ Oo254 
N1K . Oo26J 
P2 Oo269 
N1P1 Oo269 
AP2 Oo272 
N2 Oe272 
N~2K 0.274 
pl 00275 
K Oo279 
N:f 2 Oo281 
N1 00282 
P1K 0.28.3 
Check 0.285 
AP1K 0.285 
AP1 Oo286 
N2K Oo292 
Ni.P1K 0.296 
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TABLE XI g (Continued) 
Percent Magnesium 
(Sm~l3o21 X 10-3) 
(N2=87 1% level} 
Treatment 
P2K 
AP2K 
pl 
N;!2K 
N2K 
Check 
p2 
K 
N1K 
Nl 
AP1K 
AP2 
N2 
P1K 
NJ!1 
N1P1K 
AP 1 
Nz2 
Mean l/ 
0.508 
0.523 
0.528 
o. 533 
0.537 
o .• 537 
00540 
0.54; 
0.545 
00547 
0.547 
0.555 
00558 
00563 
0.,570 
0.572 
0.582 
0.590 
11 Mean of six analyses (3 replications x 2 subsamples) 
Notei Any two means not scored by the same line are signi-
ficantly differento Any two means scored by the same 
line are not significantly different. 
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TABLE XII g MULTIPLE RANGE TEST: EFFECT OF VARIOUS SOIL FERTILITY 
TREATMENTS ON THE NITROGEN, PHOSPHORUSJ POTASSIUM, 
CALCIUM 9 AND MAGNESIUM COMPOSITION OF REDLAN GRAIN 
SORGHUM FORAGE9 HIGH MOISTURE LEVEL, PORT SILT LOAM, 
GREENHOUSE EXPERIMENT, STILLWATER, 19580 
Percent Nitrogen 
(Sm~ll5o80 x 10=3) 
(N2~87 1% level) 
Treatment 
Cheek 
N1P1K 
N1 
N,2 
N1K 
N;;l,2 
lo59 
1 .. 66 
1068 
lo74 
lo76 
lo79 
lo8J 
1.,84 
lo8'7 
la89 
1.89 
1.93 
1.94 
2.05 
Percent Phosph~3us (Sm~l2ol0 X 10 ) 
(N2~8? 1% level) 
Treatment 
Check 
N1 
N2K 
N2 
AP1 
N1P1K 
AP2K 
P2. 
P1K 
N2,P2K 
AP2 
P;2K 
N2P2 
Oe220 
00222 
0.236 
0.243 
0 .. 245 
00247 
Oo248 
Oo251 
0.251 
0 .. 252 
0.255 
0.257 
0.265 
Oo279 
Oo286 
0.,286 
0 0 29.3 
0.320 
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TABLE Xlig (Continued) 
Percent Potassium 
(Sm~47o43 X 10=3) 
(N2~87 1% level) 
Treatment Mean l/ 
AP;z 2o.32 
P2 2o34 
AP1 2o35 
AP1K 2o44 
P2K 2o52 
AP2K 2o55 
P1 2.63 
N1P1 2o64 
N~2K 2.64 
Check 2o69 
N1P1K 2o72 
K 2.74 
N2 2.76 
P1K 2.77 
N2K 2o79 
N2P2 2o81 
N1K 2086 
Percent Calcium 
(sm~7.906 x 10-3) 
(Nz~87 1% level) 
Treatment 
AP1K 
Pz 
P2K 
N2P2 
AP2 
Check 
Nz 
P1K 
N1P1 
N1P1K 
0&189 
0.192 
Ool97 
0.200 
0.200 
0.202 
0.20.3 
0.203 
0.204 
0.205 
Oo207. 
0.208 
Oo208 
0.214 
0 .. 215 
0.219 
0.231 
0 .. 243 
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TABLE Xllg (Continued) 
Percent Magnesium 
(Sm~l4o22 X 1Q=3) 
(N2~87 5% level) 
Treatment 
P2K 
Nl 
P1 
P2 
AP2 
AP1K 
N1K 
N2Pz 
N2 
N1P1K 
N1P1 
AP1 
00475 
00478 
00478 
00483 
00485 
00490 
00499 
00500 
Oo 502 
00502 
00505 
00508 
0.512 
00523 
0 .. 525 
00525 
0.,530 
0.535 
1/ Mean of six analyses (J replications x 2 subsamples) 
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Noteg Any two means not scored by the same line are significantly 
different. Any two means scored by the same line are not 
significantly different. 
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